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Task 9 

A Study of the Effects of Varying the  Established 

Operating and Maintenance Procedures of t he  W L  F a c i l i t y  

I. Introduct ion 

Task 9 w a s  conducted t o  determbe what e f f e c t  on the  accumulation 

of Microbiological burden on hardware assembled i n  EASL might r e s u l t  

from var ia t ions  i n  the standard environmental conditions i n  t h a t  

f a c i l i t y .  Standard EASL conditions ard a temperature range. from 

7O0F t 10°F, r e l a t i v e  humidity of 45% k 5% with an a i r  flow ve loc i ty  

of 75 ft/minute t 20 ft/minute) 

perature ranges from 69 

During normal operations the  tem- 

0 - 7 8 ~  and the humidity from 43% - 47%. 

Three mechanical assemblies ( t i m e r  devices as shown i n  Fig. 1) were 

constructed under each of the following var ia t ions .  

1. High temperature (83') and standard humidity (45%). 

2. High temperature (83') and low humidity (20%-25%). 

3. Standard temperature/humidity with a i r  blowers of f .  

4. Standard EASL environment -- control s. 

Disassembly of the  t imers was car r ied  out immediately following t h e i r  

assembly and twenty groups of individual  p a r t s  per t i m e r  were assayed 

f o r  the  accumulated burden of viable p a r t i c l e s .  

During a l l  constructions the environmental conditions i n  the  W L  

F a c i l i t y  were monitored by means of Reyniers air  samplers, s t a i n l e s s  

s t e e l  f a l l o u t  s t r i p s ,  and Rodac impression p la tes ,  i n  accord with 
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2 1 NASA PrOC~dures. 

t h a t  t he  EASL F a c i l i t y  m e t  environmental requirements. 

Cer t i f ica t ion  procedures p r i o r  t o  study showed 

11. Materids and Methods. 

The mechanical assemblies, along with t h e  necessary t o o l s  f o r  t h e i r  

construction were decontaminated i n  an ET0 chamber. P r i o r  t o  being 

passed i n t o  the  EASL assembly room, the  p l a s t i c  bags containing these 

items were thoroughly wiped  down with 70% isopropanol. 

timer pas t s  are l is ted and i d e n t i f i e d  i n  Appendix A. The assembly 

procedure i s  de ta i led  i n  Appendix B; the  disassembly f o r  b i o  assay 

i n  Appendix C; and the  groups of p a r t s  f o r  bioassay are l i s t e d  i n  

Appendix D. Both assembly and disassenbly "?re performed by per- 

sonnel c lad i n  steri le gowns, hoods, rubber gloves, and masks. The 

t imers were assembled i n  the laminar dawnflow assembly area of t h e  

EASL F a c i l i t y .  Disassembly w a s  done at  a horizontal  laminar flow 

work bench. 

The individual  

A l l  environmental monitoring procedures and b io  assw methods were 

2 
conducted according t o  NASA Procedures. During the  assembly proce- 

dure i n  EASL the  intramural environment w a s  monitored. Reyniers 

a i r  samplers were located t o  t h e  r igh t ,  l e f t ,  and rear of t he  assem- 

bler as shown i n  Figure 2. They were run for one-haLf hour before,  

during the  e n t i r e  assembly period, and f o r  one-half hour a f t e r  com- 

p l e t i o n  of each assembly. 

exposed on the  worker's r i gh t  and l e f t  s ides  (Fig.  2.). 

were removed f o r  assay immediately following exposure of t he  s t r i p s ,  

and a t  $he beginning, mid-point, and end of the four hour assembly 

period. 

Trays of s t a i n l e s s  steel strips were 

S ix  s t r i p s  

The f i rs t  s i x  s t r i p s  served as s t e r i l i t y  controls .  Two Rodac 
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impression p l a t e s  were taken on both sides of the  worktable a t  the  

same samplings t i m e s  as f o r  t he  s t r i p s .  See Figure 2 f o r  Rodac 

p l a t e  sites. 

Both assembly and disassembly procedures were monitored and logged 

by Quality Assurance personnel. 

The Microbiological assay procedure f o r  timer p a r t s  w a s  as follows: 

1. On disassembly of the  timers the  individual  assay groups were 

2. 

3. 

4. 

5. 

Results 

placed i n  s t e r i l e  g lass  jars t o  which w a s  added 1% 

peptone water. 

These containers were exposed t o  u l t r a son ic  rad ia t ion  

(25kc) f o r  12  minutes. 

Aliquots of the peptone water were p ipe t ted  a sep t i ca l ly  

i n t o  each of four s ter i le  p l a s t i c  P e t r i  dishes, and s t e r i l e  

Trypticase Soy Agar w a s  added. 

The remainder of t he  Peptone water w a s  heated a t  80 C f o r  

20 minutes and p la ted  as i n  s t ep  3. 

Two p l a t e s  from each set of four  were incubated aerobical ly  

a t  32OC and two anaerobically a t  32OC f h r  72 hours. P l a t e  

counts were done a t  24, 48, and 72 hours, f o r  aerobes, and 

0 

a t  72 hours f o r  anaerobes. 

The r e s u l t s  of the  b io  assays a re  summarized i n  Tables I through 4. 

Table 1 l is ts  the  counts from Reyniers Plates ,  as viable  p a r t i c l e s  

per  cubic foot  of intramural a i r .  

of p a r t i c l e s  col lected during the  assemblies done i n  the  absence of 

laminar downflow. An increase i n  count was apparent during the  

period of high temperature and high humidity. 

The counts under normal EASL conditions and under low humidity-high 

There wasan increase i n  the  number 

(See discussion) .  
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temperature conditions were similar. Fewer v iab le  particles w e r e  ~ 0 1 -  

l e c t e d  when the  humidity was decreased, but  not t o  a s ign i f i can t  degree. 

(See discussion).  

The Rodac p l a t e s  were e s sen t i a l ly  negative f o r  growth during the  e n t i r e  

study, except when t h e  blowers were of f .  See Table 2. 

Table 3 records t h e  counts obtained from the  s t a i n l e s s  steel f a l l o u t  

s t r i p s .  A contamination problem arose during t h i s  study which w a s  

t raced t o  the  sonicator  transducer tank. This a f fec ted  those i t e m s  

sonicated ly ing  horizontal ly  i n  the  tank, which included all the  fa l l -  

out s t r i p s  and timer p a r t  14. 

it w a s  not possible  t o  s top  the  assembly sequence i n  order t o  cor rec t  

t h i s  s i t ua t ion .  Immediate steps were taken t o  preclude the  recurrence 

of t h i s  s i t u a t i o n  but  with only p a r t i a l  success. 

Due t o  severe assembly t i m e  cons t ra in ts ,  

(&e recommendations). 

The counts f r o m t h e  groups of t i m e r  p a r t s  are i n  Table 4. There w a s  

no notable difference i n  the microbial  burden on these  p a r t s  during 

any assembly except f o r  assay group 9 from Timer 12, and assay group 

11 from Timer 11. The high counts on p a r t  14 are the  result of con- 

tamination from the sonicator tank  as previously noted. 

There was  no growth on the p la tes  incubated anaerobically.  

Iv. Discussion 

The data  accumulated i n  Task 9 indicate  t h a t  l ack  of air flow increased 

the  microbial burden of t h e  environment i n  the  W L  assembly f a c i l i t y  

during a work period of approximately four  hours. 

shown by the  increase i n  the number of viable  p a r t i c l e s  co l lec ted  by the  

Reyniers air  samplers under the  previously mentfoned 

This is  most c l e a r l y  
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var ia t ions  i n  comparison t o  t he  normal environment of W L .  A base 

l i n e  accumulation of surface and intramural a i r  microbial burden w a s  

maintained due t o  the  cleaning ac t ion  of t h e  a i r  f l o w  which w a s  res- 

tored  t o  specif ied veloci ty  between assemblies. No s ignif icance can 

be a t t r i b u t e d  t o  t h e  burden on the  f a l l o u t  s t r i p s  exposed during t h i s  

study because of t he  poss ib i l i t y  of contamination introduced i n  the  

sonicat ion process. 

w a s  shown by the  recovery o f  t he  same organism from cul tures  of the  

transducer tank, the t r ans fe r  medium, and the  wnica ted  peptone water. 

Cultures of the  heatshocked peptone water were cons is ten t ly  negative 

f o r  b a c t e r i a l  growth. The b a c t e r i a l  population w a s  found t o  be con- 

ta ined i n  a reservoi r  leading t o  the  dra in  of the  transducer tank. 

To eliminate t h i s  problem a 0.1% so lu t ion  of Hyamine 3500 ( a  quaternary 

ammonium compound) @ohm and Haas) was  used t o  r in se  the  tank and 

allowed t o  remain i n  the  reservoir  overnight following each day's 

work. Since t h i s  w a s  not e n t i r e l y  successful,  it w a s  decided t o  use 

1" x 2" x 02" s t r i p s  i n  place of the  1" x 3" x 02" s t r i p s  i n  subse- 

quent monitoring procedures. The smaller s t r i p s  may be sonicated with 

the  containers i n  an upright posi t ion.  This i s  i n  accord with NASA 

These counts were the  r e s u l t  of contamination,as 

2 
Standard Procedures f o r  assay of f a l l o u t  s t r i p s .  

Study of the Quality Assurance log  f o r  each day's work revealed 

cor re la t ion  between personnel QA vio la t ions  (e.g. exposure of sk in  

and h a i r )  and microbial burden increases  during the  assemblies. 

w a s  noted t h a t  on two occasions there  w a s  d i f f i c u l t y  i n  disassembling 

the  tina3rs. This may be t h e  cause of the  high counts seen on p a r t  4 

of Timer 5, p a r t  11 of Timer 10, and p a r t  9 of Timer 12. It is  also 

possible  t h a t  the  lat ter two assay groups may have accumulated burden 

i n  the  building process because of personnel QA violat ions.  

It 

Torn 
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gloves or l ack  of coverage of gown sleeves by gloves were t h e  com- 

monest v io la t ions .  

The t rend  towards a decrease i n  the  number of viable p a r t i c l e s  col-  

l ec t ed  from the  intramural a i r  under the low humidity condition 

w a s  not s t a t i s t i c a l l y  s ign i f icant .  The apparent increase i n  burden 

a t  high humidity and high temperature i n  the  intramural a i r  w a s  a l s o  

not s t a t i s t i c a l l y  s ign i f icant .  A s t a t i s t i c a l  analysis  of these data  

i s  contained i n  Appendix E.  

V. Conclusions 

1. Microbial burden was increased during assemblies i n  which 

EASL Laminar A i r  Flow was  stopped. 

2. The other  var ia t ions from normal EASL environmental conditions 

did not s ign i f icant ly  increase the  microbial burden. 

3. Violations of the  clothing requirements by personnel may r e s u l t  

i n  increased burden on piece pa r t s .  

VI. Recornendations 

1. A more de ta i led  study of t he  e f f e c t s  of humidity var ia t ions  on 

the  accumulation of Microbiological burden i n  EASL would be 

desirable .  

2. Stronger gloves of the  gaunt le t  type of design be used t o  prevent 

contamination by exposure of w r i s t s ,  arms and hands of personnel. 

3. Replace 1" x 3" x .02" s t a i n l e s s  steel  f a l l o u t  s t r i p s  with 1" x 

2" x .02" s t r i p s  t o  prevent contamination during sonication. 

This s i z e  i s  i n  accord with NASA Standards and i s  now being used 

i n  present Microbiological e f f o r t s  . 
2 
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Table 2 

Surf ace Burden on Worktable Colonie s*/Rodac P l a t e  a 
RH Sampling Rodac EnvirOImEnt 

Hour Site* 
"-I- wL 83OF - 20-25$ 83OF - 45% RH Blowers O f f  

1 

2 

a 

3 

-7 - 
e f t  1 

2 

ght 1 

2 

e f t  1 

2 

i g h t  : 

2 

ef t  1 

2 

Light . 

2 

- 
iyer 

0 

0 

- 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

- 

7 

2 - 
0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

- 

- 
3 '  

0 

0 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 
4 - 
1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

1 

- 

7 

5 

0 

1 

- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 

- 
6 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 - 
0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

- 

11 - 
1 

45 

1 

2 

1 

0 

0 

0 

0 

0 

0 

1 

- 
12 - 
0 

0 

0 

0 

0 

0 

0 

0 

11 

0 

) O  
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t.9 x io4 1.4 x io5 

Table 3 

Sta in less  S tee l  Fallout S t r ip s  - Viable Particles*/ft  .2 Surface 

2 4 9.6 x i o  7.7 x lo4 4.8 x 10 3.8 x 10 

Timer 

1 

2 

3 

4 0 0 9.6 x 10' 0 7.2 x 105 7.2 105 

0 0 

0 9.6 x lo3 

0 2.4 x lo3 1.4 x lo4 9.6 x 10 3 

7.2 X 1 0 3  1.3 x 10 5 0 0 

a$  
6 

EASL NORMAL SPECS. 

1.9 10 4 3.2 10 5 

1.4 x 10 2 o  
4 2 3.4 x 10 2.7 x 10 

Controls F i r s t  Hour Second Hour 
Left= Rightw Right* Right* 

7 

8 

9 

0 

3 0 9.6 x 10' 5.8 x lo3 2.4 x 10 9.6 x io2 2.9 x i o  
3 0 0 3.4 103 0 1.9 x i o  0 

0 0 9.6 x lo2  3.0 x 10 4.8 x l o3  0 

0 

10 0 0 1.4 x lo2  1.4 x 10 2.4 x 10 2 2.9 x 10 2 
11 1.4 x lo2  3.4 x 10' 0 0 2.9 l o 2  1.4 x l o 2  
l2 1.4 x LO2 9.6 x 10' 1.4 x lo2  0 4.3 105 9.6 l o 5  

4 3.7 x 10 I o  0 9.6 x 10' 

4.3 x 10 4 2.4 x 10' 

2.6 103 2.9 l o 2  
1.9 10 5 4.8 10 4 

0 9.6 x 10' I 0 9.6.x 10' 19.6 x 10' 4.8 x 10' 

Third Hour 
Left* Right* 

1.7 x 10 9.6 x 10' 

0 4.8 x 10' 

5 4 7.2 x i o  2.9 x i o  

4 

W L :  83OF 4576 RH 

3 3 7.7 x i o  2.9 x i o  
3 3 4.8 x i o  7.2 x i o  

1.4 103 o 

~ 

NOTE: It i s  highly unlikely (given t h e  contamination poss ib i l i3 ies  when sonicating 
s t r i p s  i n  Bussey b o t t l e s  lying dam)  t h a t  counts over 10 are  t rue  counts o r  
t r u e  indications of the microbial f a l l o u t  under the conditions of these 
procedures i n  EASL. This premise is  supported by the  data from the  Reynier 
samples and the Rodac samples and the randomness of the counts. A possible 
exception would be during t h e  building of T imers  10-12 when the  laminar darn- 

f l a w  was turned of f .  
.* - Aerobic Weophiles W e e  Figure 2. 

Average of six strips/assay. 
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Table 4 

Assay 
Group 

1 

2 

3 
4 
5 
6 
7 
8 

9 
10 

0 
1 2  

13 
1 4  
15 
16 
17 
18 

19 
20 

~~~ 

Total  

* - A€ 

- cc 
j - c 1  

Timer Assay Groups 

XORMAL EASL c 
rimer 
1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

5 
5 
0 

0 

0 

30 
- 

Dbic b 

tamin€ 

thing 

are Cc 

- 
2 

0 

10 
0 

0 

0 

2+25 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-$3 

sophi l  

ea - 1 

i o l a t i  

n t  

rD. 

3 

0 

0 

5 
0 

0 

0 

0 

0 

0 

0 

0 

10. 
0 

465* 
5 
0 

0 

0 

0 
5(5)  

I .g~( 15 

: - Av 

I a cc i  

1s (&A 

0 13 F - 
4 

5 
5 
0 

0 

0 

20 

20 

0 

0 

0 

0 

0 

0 

15  
5 
0 

0 

5 
0 

loo( 2' 

)f 2 

! n t  

Jog 1 

0-25% 

5 

0 

5(5 
0 

435* 
0 

5 ( 5 )  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 
0 

H 
6 

5 
0 

0 

0 

0 

0 

0 

0 

0 

0 

50( 5c 

5 ( 5 )  

0 

0 

0 

0 

0 
0 

.o 6100 
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Viable Particles*/Group 

3 O F  - 
7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

a 

10 

0 

5 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.470* 
0 

0 

0 

0 

0 
0 

4495 

9 

5 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

5 

lower: 
10 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

2057 
0 

0 

5 
0 

0 

1 5  
10 

0 
0 --- 
245 

Off 
11 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 
0 

0 

0 
0 

5 

12 

0 

0 

0 

0 

0 

0 

0 

0 

110 

0 

25 
75 
0 

0 

0 

0 

0 

0 

0 
0 

210 
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APPXNDIX A 

PAR!J!S LIST 

SUB' - ASSY. #loo 

- QTY. 

1 

PART NO. 

100 

NOMENCIATURF: 

HOUSING ASSEMBLY 

90 

80 

70 

60-1 

-2 

-3 
-4 

1 HOUSING 

1 HOLDING RING 

s c m  (HOLDING RING) 

LOCK ARM 

3 

1 

1 LOCK ARM 

1 LOCK ARM 

1 

1 

1 

-5 LOCK ARM 

IDCK ARM 

m C K  ARM 

LOCK ARM 

LOCK ARM 

LOCK ARM 

FLAT WASHER. 

FZAT WASHER 

FIiAT WASHER 

FIAT WASKER 

F M T  WASHER 

FIAT WASHER 

HIAT WASHER 

FI;A!I WASHER 

HAT WASHER 

F'LAT WASHER 

-6 

-7 

-a 
1 

1 

-9 1 

-10 1 .  

' 1  50-1 

-2 1 

1 

1 

1 

1 

1 

1 

1 

1 

-15- 

-3 

-4 

-5 

-6 

-7 
-8 

-9 

P10 



PART NO. 

40-1 

-2 

-3  

-4 

-5 
-6 

-7 

-8 

-9 

-10 

APPENDIX A 

PARTS LIST 

SUB-ASSY #lo0 CONT. 

&Ty. N O M E X C L A W  

1 

1 

1 

1 

1 

1 

1 

1 '  

1 

1 

-16- 

SPFUNG (LOCK ARM) 



. 

PART NO. 

200 

190 

180 

160 

150 

140 

130-1 

2 

3 
4 

5 
6 

7 
8 

9 

10 

A€’Fm’IX A 

PARTS LIST 

SUB-ASSY B o o  

Qm. 

1 

1 

1 

1 

1 

- 

5 

1 

1 

1 

1 

1 

I 1  

1 

1 

1 

1 

NOMENCLATURE 

DRIVE SHAFT 

DRIVE SHAFT 

LOCK RING (SPANNER TYPE) 

LOCA!I!ING RING ( D R N E  SHAFT) 

DRIVE PIN 

F’LAT WASHER (DRIVE SHAFT TOP) * 

FLAT WASHER (DRIVE s m  LDWER) 

-STOP RING 

STOP RING 

STOP RING 

STOP RING 

STOP RING 

STOP RING 

STOP RING 

STOP RING 

STOP RSNG 

STOP RING 

-17- 



APPENDrx A 

PART NO. 

120-1 

2 

3 

4 

110-1 

2 

-7 

8 

9 
10 

PARTS LIST 

SL’B-ASSY #200 CONT. - 

1 

1 

1 

1 

1 

1 

1 

N O M W N C L A m  

FLAT W A S m R  (STOP RING) 

FLAT WASIER (STOP RING) 

FLAT WASHER (STOP RI‘ITG) 

FLAT WASHER (STOP RZrrG) 

FLAT WASEER (STOP RING) 

FLAT WASIIER (STOP R I i I G )  

FLAT WASIIER (STOP FUX; 

FLAT WASHER (STOP R I N G )  

FLAT WASHXR (STOP RDIG)  

SPRING,  FLAT (SlrOll XCNG 

S P R I N G ,  FLAT’ ( STO!’ R n i G )  

SPRING, FLAT (STOP R I N G )  

SPRING, FLAT (STOP R I N G )  

SPRING, FLIT (STOP KING) 

SPFUNG, FLAT (STOP R I N G )  

SWING FLAT (STOP FUNG) 

SPRING, FLAT (SWP RING) 

SPRING,  FLAl’ (SV7P IUNG) 

SPHING, FLAT (STOP RING) 

a -18- 



PART NO. 

300 

100 

200 

295 

290 

285 

280 

275 

265 

260 

255 

250 

245 

240 

235 

230 

225 

* 220 

215 

210 

APPENDIX A 

PARTS LIST 

ASSENBLY #300 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

TOP ASSEMBLY 

HOUSING ASSY. 

DRrVE SHAFT ASSY. 

CKLIBRA!IlION GEAR HOUSING 

U E K  DRIVE SHAFT 

PIN, DRIVE SHAFT LOCK 

scm,  ALLEN 
HOUSING, G F m  

GFm, ROLLER REPLT,DiG 

RING, HOLDING 

PIX, KEZFER 

S P R I N G  PRESSURE: 

WASHER, BEARLNG 

XWRIXG (LOWER DRIVE SIWTT) 

YJST, STN?D-OFF 

SCRFW (POST, STAND-OET) 

SCREW, POST ( P ~ ; T ,  STALD-om) 
PLATE, LOWER (CEISTING) 

WASHER, FLAT m 
STAND-OFF THREADED 

-19- 



a 

OP. NO. 

10 . 

20. 

30 

APPENDIX B 

ASSEMBLY OPERATION SEQUENCE 

PART NO. 100 - HOUSING ASSFXBLY 

ASSEMBLE PART NO. 60-1 STOP ARM ON SrZOOTH POST OF PART 

NO. go HOUSING, FOLLOW WITH PART NO, 50-1 FLAT WASHER. 

COMpLEm ASSEMBLY BY ALTERNATING PAR2 NOS. 60-2 THXU 

60-10 AND PART NOS. 50-2 m u  50-10. 

ASSEMBLE PART NOS. 40-1 S P R I N G  THRU 40-10 ON SERRATED 

POST OF PART NO. 90 HOUSING. DO NOT I N S E R T  SPRING UNDE3 

60-1 m u  60-10 STOP ARM UNTIL COMPIETION OF OPERATION 

NO. 3. 

ASSEMBLF: PART NO. 80 HOLDING RING !I!O €'ART NO. 90 

HOUSING USING ( 3 )  NO. 70 SCRFW. 

-20- 



APPEPTDIX B 

OP. NO. 
_I_ 

10. 

20. a 

30 

ASSEMBLY 0F"ION SEQWNCE 

PART NO. 200 D R m  SHAFT ASSEMBLY 

ASSEMBm PART NO. 1.10-1 SPRING, FLAT ON PART NO. 190 

DRIVE SHAFT, FOLTJOW WITH PART NO. 128-1 FLAT WASHER AND 

PART NO. 130-1 STOP RING. CONTINUE WITH THIS SEQJJENCE 

FOR PART NOS. 110-2 THRU 110-10, PART NO. 120-2 THHU 120-10, 

AND PART NOS. 130-2 TIIRU 130-113. 

ASSEMBLF: PART NO. 180 LOCK FUNG (SPATDER TYPE), ON PART 

NO. 190 DRIVE SHAFT AND SCREW LOCK m POSITION. ASSEMBLE 

(2) PART NO. 140 FLAT WASIER (DR3NE SHRFT LOXER) . 

ASSWLZ PART NO. 170 LOCATING RING rn PART NO. 190 DRIVE 

SHAFT 'IFEN INSERT PART NO. 160 DRIVE PIN ASSl!NBlX (2) 

PART NO. 150 FLAT WASHERS (DRIVE SHET TOP). 

-21- 



OP. NO.. -- 
10. 

20. 

30 

40. 

a- 
50 * 

60. 

70 

APPENDIX B 

ASSEMBLY OPETUITION SEQITENCE 

PART NO. 300 ASSEMBLY - ----I__- 

A5SENBU PART NO. 200 DRIVE SHAFT ASSY. TO PART NO. 100 HOUSIITG 

ASSY. INSXRT PART NO. 40-1 PART 4.0-10 SPRING (LOCK ARM) WTDER 

PART NO. 6011 T'HRU 60-10 LOCK ARM IN PART NO. 100 HOUSING ASSY. 

ASSEMBIZ PART NO. 295 CALIBRATION GEAR HOUSING TO PART NO. 200 

DRIVE SHAFT ASSY. INSERT PART NO. 285 PIPI DFUVE SHAFT LOCK 

INTO PART NO. 200 DRIVE SHAFT ASSY. 

ASSEMEGE PART NO. 290 LOCK, D R N E  SHllFT U S I N G  (2 )  PART 

NO. 280 SCRENS, ALLEX. 

ASSmm PART NO. 275 HOUSING HEAR TO PART NO. 290 

D I U W  SHAFT ASSY. AND PART NO. 100 HOUSING ASSY. 

ASSEMBLF: PART NO. 265 G M ,  ROLIXR BEARING TO PART NO. 200 

DRIVE SHAFT ASSY. INSERT PART NO. 255 ?IN, KEEPER IXTO DRNr7 

ASSEME3LF: PART NO. 260 RING, HOLDING, PART NO. 250 SPRING, 

PRESSURF:, PART NO. 245 WGHER BEARING AND PART NO. 240 BEAB3NG 

(LOITER DRIVE S'XAFT). 

ASSmm (4)  PART NO. 235 POST, STAIlJ)-OFrr' TO PART NO. 100 

HOUSING ASEX. USING (3 )  PART NO. 230 S C R W ,  (POST, STAND-OFF) 

AND (1) PART NO. 225 SCFE~, POST (POST, STAUD-OFF) WITH (4)  

PART NO. 215 WASHER, FLAT KEY. 

80. ASSEMBLE PART NO. 220 PLATE LOWER ( C A S m G )  To DRIVE SHAFT 

AND PART NO. 235 POST, STAND-OFF U S k G  (4 )  PART NO. 210 

STAND-On, THFEADED. 
-22- 
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I .  

Is t Timer #1 

2nd Timer #& 

3rd Timer #s 

4th Timer #6 

5th Timer #2 

6th Timer #7 

APPENDIX B 

7th Timer #8 

8th Timer #9 
9th Timer #3 

10th Timer #10 

11th Timer #11 

12th Timer  #12 

EASL Environments during construction. 

Timer Number EASL Condition 

1, 2 and .3 ,EASL on environmental 
specification 

I C ,  5 and 6 W L  at 83OF and 
20-254'0 R.H. 

7, Band9 EASL at 83OF and 45% R.H. 
o r  as close to 45% as possible. 

10, 11 and 12 EASL on specification for 
temperature and relative 
humidity, but blowers shut 
down during construction 
of the timers. 

Sequence of timer construction. 

1. Timer will be assembled in the following 
chronological order: 

Assembly 

-23- 
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APPENDIX c 

O?. NO. 

10. 

DISASSEMBLY OPLRATION 
SEQUENCE 

PART NO. 300 TOP ASSEMBLY 

DISASSEKBLE (4 )  PART NO. 210 STANn-OFF, T-EED, (1) PART 

NO. 220 PLAT, LOWER (CASTING), (3 )  PART NO. 230 SCRFGJ 

(POST, STAND-OFF), (1) PART NO. 225 S C T ' ~ ~ ,  POST (POST, S T A I V ~ I - O ~ )  

(4 )  PART NO. 215 WASHER, FLAT KEY AKD (4) PART NO. 235 POST 

STAND-om. 

ASSAY GROUP (1) THRU ( 3 )  

1. 

2. 

3. 

(4)  #210 STAND-OFF THFXADED, (3 )  SCREW 

(1) #225 SCREW, POST AND (4 )  #k35 FOST, STAXI-OFF 

(1) $220 PLATX, LOWER (CASTDIG). 

(4) #215 WASHER, FLAT KEY. 

-24- 
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APPENDIX C 

OP. NO. 

20. DISASSEiYBLE (1) PART NO. 240 BEAXING (LOWER DHITE S:YCT), 

(1) PART NO. 245 WASHER, BEARING, (1) PART NO. 250 SPRING, 

PRESSURF:, (1) PART NO. 260 R I N G ,  HOLDING, (1) PART NO. 255 

PIN, KEEPER, (1) PART NO. 265 GEAR, ROLLER BEARING, ( 1) ?MT 

NO. 275 HOUSING GEAR. 

ASSAY GROUP ( 4 )  THRU (7)  

4. 

5 .  

6. 

7. 

(1) #240 BEARING, (1) #b45 WASIER, BEARING, 

(1) #255 PIN KEEPER AND (1) $260 R I N G  HOLDING= 

(1) #250 SPRING, PRESSURE. 

(1) #256 GEAR, ROLLER BEARING 

(1) #275 HOUSING, GEAR. 

-25- 
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APPENDIX C 

OP. NO. 

30 . DISASSEMBLF: ( 2 )  PART NO. 280 SCREW, ALLEN, ( 1) PAET NO 

290 LOCK, DRIVE s m ,  (1) PART NO. 295 CALIBRRTION GEAR 

HOUSING AND (1) PART NO. 285 PIN, D R F J E  S W  LOCK 

ASSAY GROUP (8) 

8. (2) #280 SCRW, h I ; I X N ,  (1) +290 LOCK, D K m !  

SHAFT, (1) PDI, DhIm S€WT LOCK .fTD 

(1) if295 CALIBRATION GEYiR HOUSIXG. 
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OP. NO. a 
40. 

50 

APPENDIX C 

DISASSEMBLE PART NO. 200 DFUVE SHAFT SUB-ASSY. FROM PART 

NO. 100 HOUSING ASSY. BY E I J 3 A S m - G  THE SPRING TENSION ON 

THE (10) LOCK ARMS.. 

DISASSEMBLE TKE NO. 200 DRIVE SHAFT ASSY. AS FOLLOWS: 

RENOVE (5 )  PART NO. 140 WASHER, FIAT (DRTVE SHAFT L O k n R ) ,  

(2) PART NO. 150 \/ASHER, FLAT (DRIVE SHAF? TOP). 

PART NO, 160 DFUVE P I N  FROM PART 170 LOCATING FZNG ANTD 

REMOVE 

PART NO. 190 DRIVE SHAFT. SLIP LOCATING RDIG FROM DRIVE 

SKAET. RENOVE PART NO. 180 LOCK RING. DISASSWU THE 

( io)  PART NO. 130-1 m u - i o  STOP ~ G S ,  ( io )  PART NO. 110-1 

THRU-10 SPRINGS AND ( 9 )  PART NO. 120-1 THRU-9 WASHERS FLAT= 

ASSAY GROUP (9 )  TiRU .( 14) SEE FIG. 1 

9. (5) $140 WASHERS, FLAT (DRIVE SHAFT LOWXR) AND 

(2) $150 WASHERS, FLAT (DRIVE SHAFT TOP). 

10 (1) #160 DRIVE PIN, (1) # l 7 O  LOCATING R I N G  AND 

(1) $180 LOCK RING.  

* 
11. ( i o )  $130-1 THRU-io STOP RING. 

12. (10) #110-1 mu-10 SPRINGS 

. 13. (9) #120-1 THRU-9 WASHERS, FLAT 

14. (1) #190 DRDX SHAFT. 
-27- 



OP. NO. 

60. 

APPENDIX c 

D I S A S S E M B U  599 PART NO. 100 HOUSRJG SUB-ASSY AS FOLLOWS: 

REMOVE ( 3 )  PAW.. NO. 70 SECRFWS FRON PART NO. 80 HOLDING 

RING AND PART NO. 90 HOUSING. USmG SCFQV DRlVER FEMOVE 

PART NO. 80 HOLDING FUNG. FROM TEfl4: HOUSING POST SLIP  

OFF ( i o )  PART NO. 50-1 mu 50-10 WASHER, FLAT AND (.io) 

PART NO.' 60-1 THRU 60-10 LOCK ARMS- 

HOUSING POST RENOW (10) PART NO, 40-1 THRU 40-10 

SFRLKE 

FROM TIS OPPOSITE 

ASSAY GROUP (15 )  THRU (20) SEE m ~ .  1 

15. 

16. 

17 

18. 

19 

20. 

(3)  #70 scms 

(1) #80 HOLDING R I N G  

(10) #61-1 !IXRU-lO LOCK ARX3 

(10) #50-1 THRU-10 W A S H E F G  FLAT. 

(10) #40-1 THRU-10 SPBINGS 

(1) #90 HOUSIXG. . 

-28- 
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APPENDIX D 

BIO ASSAY GROUPS PARTS LIST 
{#300 Tinier Assembly) - - 

1. (IC) #210 STAii-OFF 93LREXDLD, ( 3 )  #230 SCRm 

(1) #225 SCREW, POST AND (4)  $235 POST, STAND-OFF. 

2. (1) e 2 0  PLATE, LOVER (CASTING). 

3. (4)  #215 WASHER, FLAT KEY. 

4. (1) #24O BEARING, (1) $945 VASHXR, BEMCIl'?G 

(Il) #255 PIN, KEEPER AND ( 1) @60 RING, HOLDING. 

5. (1j #+.so S P R ~ G ,  PRESSURE. 

6. (1) #265 GEAR, ROLLER BEARING. 

7. (1) #275 HOUSING, GEAR. 

8. (2) #280 SCREW, ALLEN, (1) f i g 0  LOCK, D X V E  SEWT 

#285 PIN DRlVE SHAFT LOCK A i i  (1) g295 CALIBKATION GEAR HOUSIiTG. 

9. ( 5 )  #il~o WASHERS, FLAT (DRIVE SHAFT WGR) m r ~  

(2) #l50 \?ASHER, FLAT (DKTVE SIWT TOP). 

10. (1) #160 DRIVE PIIN, (1) #170 LOCATING LCXG AND 

(1) #le0 LOCK RING. 

11.. (10) #130-1 'I'€IRU-lO STOP RING. 

12. (lo) #llO-1 THRU -10 SPRTPTGS. 

13. (9) #120-1 THRU-9 WASIFERS, FLAT 

14. (1) #190 DRIVE SWT. 

15. ( 3 )  #70 SCREWS 

16. (1) #eo HOLDING RING 

17. (10) #61-1 EIxv-10 LOCK ARMS 

18. (10) 850-1 THRU-10 WXEXS, FLAT. 

19. (10) #O-1 TKRU-10 SPRINGS 

20. (1) #go HOUSIHG. 
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* \ -  APPENDIX E 

S t a t i s t i c a l  Analysis of data  obtained using the Reynier A i r  Sampler 

Clearly,  t he  r e s u l t s  ( increased b i o  burden of air samples) were 

a f fec ted  when the  blowers were turned o f f .  The da ta  were analyzed 

t o  determine whether there  is  evidence of a s ign i f i can t  t rend  caused 

by var ied humidity and temperature conditions. The three  conditions 

compared were the  following: 

A. EASL Specif icat ion temperature and r e l a t i v e  humidity 

(70 2 10°F and 45% k 5% RH) 

C .  83OF, 45% R.H. 

The data  were fu r the r  analyzed t o  determine whether there  i s  evidence 

of s ign i f i can t ly  d i f f e ren t  r e s u l t s  between geornetric loca t ions  or re -  

p l i c a t e  measurements, and whether the loca le  can be cor re la ted  with time. 

Student 's  "t" t e s t  w a s  used t o  determine whether d i s t r ibu t ions  s ign i -  

f i c a n t l y  d i f fe red  from one another. A 5% signif icance l e v e l  w a s  used. 

The conclusions were as follows: 

1. The difference between Reynier conditions A and B, 

between A and C and Between B and C are not s ign i f i can t  

(a t  a 5% significance l eve l ) ;  i.e., t he  da ta  do not 

o f f e r  s ign i f icant  evidence t h a t  burden i s  a funct ion 

of  humidity conditions.  

2.  The differences between readings obtained from any two 

of t he  three Reynier locat ions a t  which measurements 

were taken are  not s ign i f i can t  ( a t  a 5% signif icance 

l eve l ) ;  i .e. ,  t h e  da ta  do not o f f e r  s ign i f i can t  evi-  

dence t h a t  burden i s  a funct ion of geometric locat ion.  

-30- 
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3. The differences between the  Reynier air  sampling 

readings obtained on May 1 and May 19 were not 

s ign i f icant  (a t  a 5$ s ignif icance l e v e l ) ;  i.e., 

there  is  no s ign i f i can t  evidence t h a t  the results 

are  not repeatable. 
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